Abstract. Objectives: Thyroid dysfunction is associated with detrimental cardiovascular effects. We analyzed whether thyroid status is associated with aortic valve sclerosis (AVS) and mitral annular calcification (MAC) as markers of generalized atherosclerosis. Design: Data of 2065 subjects (923 women and 1142 men) aged ≥45 years from the Study of Health in Pomerania (SHIP) were analyzed with respect to low, medium and high TSH levels. Logistic regression models were adjusted for major confounders of atherosclerosis. Main outcome: In women, the prevalence of AVS was the highest in those with low TSH (35.1% vs. 26.7% in medium TSH; p<0.05), while there was a higher prevalence of MAC in men with high TSH levels (9.2% vs. 5.2% in medium TSH; p<0.05). Compared with euthyroid men there was an increased adjusted odds ratio for MAC (OR 2.07; 95% CI 1.12-3.89, p<0.05), for the combination of AVS and MAC (OR 2.13; 95% CI 1.08-4.21, p<0.05) or for one of both (OR 1.47; 95% CI 1.02-2.13, p<0.05) among men with high TSH. No such association was found in women. Conclusions: There was an association between thyroid function and valvular sclerosis. Men with high TSH values had increased odds for AVS or MAC, and the combination of both. These findings may reflect an increased atherosclerotic state in affected subjects.
AORTIC valve sclerosis (AVS) and mitral annular calcification (MAC) are each linked to cardiovascular risk factors [1, 2] . Pathohistologically, early lesions represent the summation of degenerative and inflammatory processes that are similar to the development of atherosclerosis, resemble atherosclerotic plaques, and are characterized by lipid and calcium deposition in the valve annular fibrosa [3] . Thus, AVS and MAC are independently associated with atherosclerotic diseases [2, [4] [5] [6] .
A linkage between thyroid function and alterations of the cardiovascular system has been generally accepted [7] . Many of the thyroid hormone effects are at least potentially associated with increased cardiovascular morbidity and mortality. However, the possible linkage of thyroid dysfunction and valve sclerosis has not been investigated so far, although it might be regarded as pathophysiologically plausible. For example hypothyroidism is associated with an increased risk of atherosclerosis [8] , while hyperthyroidism may even exert protective effects against atherosclerosis and atherosclerotic diseases [9, 10] . Taking into consideration that AVS and MAC are markers of an increased cardiovascular and all-cause mortality [5, 11, 12] , a possible association between valve sclerosis and thyroid dysfunction might at least in part explain the elevated cardiovascular mortality reported in thyroid dysfunction [13] [14] [15] .
Therefore, the aim of the present study was to determine whether thyroid function status is associated with AVS and MAC in a population-based sample.
Method

Study population
The Study of Health in Pomerania (SHIP-0) is a cross-sectional study in the northeastern area of Germany, West Pomerania. A sample from the population aged 20 to 79 years was drawn using population registries. Finally, 7008 subjects were sampled, with 292 randomly selected persons of each sex in each of the twelve 5-year age strata. The net sample (without migrated or deceased persons) comprised 6267 eligible subjects. The SHIP-0 sample comprised 4310 participants (68.8% of eligible subjects). Data were collected between October 1997 and May 2001. All participants gave informed written consent. The study was approved by the Ethics Committee of the University of Greifswald.
In the SHIP-0 population, only participants aged ≥45 years (n = 2517) received echocardiographic examination. Seven individuals who refused echocardiography, 151 with uncertainty regarding the echocardiographic valve assessment, 10 with a prosthetic valve, 259 subjects with known thyroid disease or with uncertainty regarding a present thyroid disease, and 25 for whom no values of serum TSH were available were excluded from analyses. This resulted in a final study population of 2065 subjects who were available for the present analysis.
Clinical evaluation
Potential confounder variables were selected for the analyses. From the interview, we included the following: age, sex, school education (<10, ≥10 years; categorization on the basis of the organization of the East German school system), smoking (never, ex-smoker, current smoker), pack years, diabetes mellitus, past myocardial infarction, and stroke. Systolic and diastolic blood pressure was measured three times in seated subjects after a 5 minute rest period, with each reading being followed by a further rest period of 3 minutes. Mean blood pressure was calculated. Pulse pressure was defined as the difference between mean systolic and diastolic measurements. We further selected body mass index (BMI; kg/m 2 ). Information on medication was recorded by a computer-aided method using the anatomic, therapeutic and chemical code (ATC). Information on antidiabetic drugs (anatomical-therapeuticchemical [ATC] code A10), aspirin (ATC codes B01AC and N02BA01), antihypertensive drugs (ATC code C02, C07, C08, and C09), and lipid-lowering drugs (ATC code C10AA) was used for the analysis. Serum TSH was analyzed by immunochemiluminescent procedures (LIA-mat, Byk Sangtec Diagnostica GmbH, Frankfurt, Germany). The functional sensitivity of the TSH assay was 0.03 mIU/L. Levels of serum TPO-antibodies (TPOAb) were measured by an enzyme immunoassay (VARELISA, Elias Medizintechnik GmbH, Freiburg, Germany). The functional sensitivity of this assay was 1 IU/mL. The upper reference limit was 60 IU/mL for men and 100 IU/mL for women. The TPOAb status was defined as positive, if values were greater than 200 IU/mL. Other serological parameters included into the analysis were hemoglobin (Hb)A1C (%), fibrinogen (g/L), and non-fasting cholesterol (mmol/L), HDL-C (mmol/L), LDL-C (mmol/L), and lipoprotein (a) (mg/dL).
Echocardiography
Two-dimensional, M-mode, and Doppler echocardiography was performed using the Vingmed CFM 800A system (GE Medical Systems, Waukesha, Wis., USA) without knowledge of other clinical data of participants. Aortic and mitral valves were scanned from the parasternal short and long axes and the apical 2-, 4-and 5-chamber views. AVS was characterized by an abnormal irregular thickening and a focal or diffuse increase of the echogenicity of the leaflets with or without reduced systolic opening. MAC was identified by the presence of bright echoes at the junction of the atrioventricular groove and posterior mitral leaflet. All measurements of intra-reader, intra-observer, interreader and inter-observer agreements revealed Spearman correlation coefficients of >0.85 and differences in mean (±2SD) of <5% (<25%).
Statistical analyses
Data on quantitative characteristics are expressed as means ± SD. Data on qualitative characteristics are expressed as percent values or absolute numbers as indicated. For analysis, participants were divided into 3 groups according to the sex-specific quintiles of TSH levels: low (1 st quintile; <0.37 mIU/L in women, <0.35 mIU/L in men), medium (2 nd to 4 th quintile; 0.37-1.02 mIU/L in women, 0.35-0.92 mIU/L in men) and high (5 th quintile; >1.02 mIU/L in women, >0.92 mIU/L in men) TSH. All analyses were performed for men and women separately. The frequencies of AVS and/or MAC with respect to thyroid function status were compared by the χ 2 -test. Thereafter, data were dichotomized with respect to valve sclerosis (dependent variable: MAC and/or AVS) and were analyzed by logistic regression models. The adjusted odds ratio (OR) with its 95% confidence interval (CI) was calculated. Various models were created stepwise by considering determinants of valve sclerosis. The full model controlled for age, BMI, pulse pressure, prior myocardial infarction, diabetes mellitus, serum fibrinogen, smoking status, education status, and medication with ACE inhibitors, AT-II antagonists, and statins. Other variables (including total cholesterol, LDL cholesterol, HDL cholesterol, lipoprotein (a), and medication with salicylic acid) did not lead to >5% change in the coefficient of interest. A value of p<0.05 was considered statistically significant. Analyses were performed with SPSS software version 14.0.1 (SPSS Inc., Chicago, IL, USA).
Results
Characteristics of participants
923 women and 1142 men aged ≥45 were included in the analyses (mean age 61.7 ± 9.6 yrs). Among the total study population 423 subjects (20.4%) had low, 1234 (59.8%) medium, and 408 (19.8%) high serum TSH values. Compared to those with medium TSH, women with low TSH were older (Table 1) . Among both gender, those with high serum levels had higher TPOAb serum levels as wells as a higher prevalence of TPOAb positivity in comparison to medium TSH levels. Furthermore, men with low TSH had slightly higher plasma fibrinogen levels and lower total cholesterol levels than those with medium TSH (Table 1) . Further baseline characteristics with respect to gender and thyroid function are presented in (Table 1) .
Association between serum TSH levels and valve sclerosis
Among women, the unadjusted prevalence of AVS was highest in those with low TSH levels, while there was a statistically higher prevalence of MAC in men with high TSH levels (p<0.05 versus medium TSH) (Fig. 1) . The frequencies of MAC increased continuously with TSH values in women and from the low to the high TSH group in men (p<0.05; Fig. 1 ).
Logistic regression analyses revealed a tendency towards a higher risk of AVS in men with high TSH levels compared to those with medium TSH levels (OR 1.38; 95% CI 0.96-1.99; p = 0.08) (Fig. 2a) . Further analyses demonstrated that men with high TSH levels had an increased odds for MAC (OR 2.07; 95% CI 1.12-3.89; p = 0.02) (Fig. 2b) , AVS or MAC (OR 1.47; 95% CI 1.02-2.13; p = 0.04) (Fig. 4c) , as well as for the combination of AVS and MAC (OR 2.13; 95% CI 1.08-4.21; p = 0.03) (Fig. 2d) . In contrast, such associations were not found in women (Fig. 2b-d) .
Sensitivity Analyses
Inclusion of subjects with known or uncertainty regarding thyroid disease as well as exclusion of persons receiving drugs known to influence progression of heart valve sclerosis (ACE inhibitors, AT-II antagonists, statins) yielded similar results. Likewise, consideration of TPOAb status did not modify the statistical models and therefore was not included in the final analyses. Additional sensitivity analyses were done using varying cut-offs for defining low and high serum TSH levels. These analyses did not change the main results. For example, when the lower limit of TSH was defined <0.4 mIU/L and the upper limit >4.0 mIU/L the OR for MAC was 10.3 (95% CI 1.62-65.14; p = 0.013) among men. One limitation of these cut-off points was the low number of affected subjects, resulting in large confidence intervals and thus a low precision of the risk estimate.
Discussion
In the present study we sought to determine the relation of thyroid function status and heart valve sclerosis in a population-based sample of subjects aged 45-79 years. After adjustment for major confounders, an increased risk of AVS or MAC, and the combination of both was found in men with high TSH levels. In women such an association was not present. Our findings were stable over a number of sensitivity analyses.
We assume that our results may reflect an association between thyroid function and atherosclerotic state in male individuals with high TSH levels, taking into account that AVS and MAC both share common risk factors of atherosclerosis [1, 2, 4, 6] , and are highly associated with generalized atherosclerosis [6] , coronary artery disease [16, 17] , myocardial infarction [5] , and stroke [4] . In particular MAC is strongly associated with cardiovascular disease [12, 18] . This has been recently confirmed in 3929 elderly subjects participating in the community-based Cardiovascular Health Study [18] . Subjects exhibiting MAC had an increased risk for myocardial infarction and stroke, respectively [18] .
To the best of our knowledge, this the first study to investigate the association of thyroid function with valve sclerosis. Our findings are at least in part in line with previous studies that found an association between hypothyroidism and an elevated risk for coronary artery disease in both males and females [9, 10] . In contrast, certain cross-sectional studies could not confirm an association of hypothyroid function and atherosclerosis [19] [20] [21] .
Among our population a significant association between serum TSH levels and valve sclerosis was only Values are means ± SD or percentages. * = mean (interquatile range). † = p<0.05 versus medium TSH within gender group (ANOVA of Chi 2 -test) TSH = serum thyrotropin; TPOAb = serum TPO-antibodies; LDL-C = low-density lipoprotein cholesterol; HDL-C = highdensity lipoprotein cholesterol.
present in men, but not in women. This is in agreement with one previous study showing an association of subclinical hypothyroidism with carotid atherosclerosis in 1434 hyperlipidemic men [22] . On the other hand, we could not confirm other data that reported an association between hypothyroid state and atherosclerosis in women, too. Thus, the cross-sectional Rotterdam Study [23] demonstrated an association between subclinical hypothyroidism and a greater age-adjusted prevalence of radiographic aortic atherosclerosis (OR 1.7; 95% CI 1.1-2.6) and myocardial infarction (OR 2.3; 95% CI 1.3-4.0) in women [23] . Likewise, a small casecontrol study showed a relation between subclinical hypothyroidism and peripheral arterial disease in women [24] , and two case-control studies revealed an association between subclinical hypothyroidism and coronary artery disease in elderly women [25, 26] . However, an important limitation of the above mentioned studies [25, 26] might have been that they included only women, and therefore gender-specific analyses have not been performed.
The reasons for observing an association between thyroid function and valve scerosis only in male participants of our study can only be an issue of speculation. One explanation could be that male gender per se is a strong risk factor for atherosclerotic diseases. Thus, higher susceptibility for heart valve sclerosis in men compared to women might be assumed. This is in line with several earlier studies that identified male gender as a risk factor for AVS [1, 2, 27] . Since female gender per se is associated with a decreased risk for valve sclerosis [2] it might be necessary to include a higher proportion of women to detect achieve statistical significant results. Thus, we cannot exclude that our analyses were underpowered for that purpose.
Several mechanisms may contribute to a possible association between a hypothyroid function state and atherosclerosis. First, there is a known link between thyroid failure and disturbances of lipid metabolism [28] . Second, hypothyroidism may be associated with hypertension [29] . Third, overt hypothyroidism has been reported to be accompanied by a hypercoagulable state [30, 31] , and we cannot exclude an influence of other hemostatic properties such as elevated homocystein levels [31] . Finally, autoimmune thyroiditis, which is a common cause of hypothyroid function, may play an important role for the association with atherosclerosis. Autoimmune thyroiditis per se has been reported to be related to coronary heart disease [25, 26] , but this could be not confirmed in others [19, 20, 32] . However, such an influence is very unlikely, since inclusion of TPOAb status into the statistical models did not affect the final results. Since some of these potential mediators between hypothyroidism and valve sclerosis were considered as confounders in the present study, underestimation of the risk estimates might be discussed.
AVS and MAC are strong markers of cardiovascular and all-cause mortality [5, 11, 12] , respectively. Since in the present study there was an association between thyroid function and valve sclerosis already in the general population, such a relation might also be present in (subclinical) hypothyroid patients, and could even be of prognostic significance. Our results do not lead towards a recommendation for thyroid hormone treatment of subjects with low TSH levels aiming on prevention of atherosclerotic diseases, but they show clearly the need for further investigation on this issue in a clinical setting. Moreover, it might be reasonable to screen patients with known AVS or MAC for hypothyroidism, since hypothyroidism is a potentially modifiable risk factor.
Study limitations and strengths
Due to the cross-sectional nature of our study, the observed findings necessitate careful interpretation. At least in theory elevation of TSH might be also due to nonthyroidal illness. However, such a bias is highly unlikely since our data are taken from a sample of the normal population. Nevertheless, the large sample size, the availability of data on key risk factors, the wide range of age of participants and the consistency of our findings over a number of sensitivity analyzes are strengths of our study. Moreover, we were able to consider medication within the statistical models, which was not done by any comparable study.
In conclusion, there was an association between thyroid function and valvular sclerosis in this sample from the general population in men, but not in women. Males with high serum TSH levels had increased odds of MAC, AVS or MAC, and the combination of both. These findings may reflect an increased atherosclerotic state in affected subjects. They should be validated in prospective studies in (subclinical) hypothyroid patients.
